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' Field_ofJheJm^ntion 

, *u • ^ntifiration of new bioactive molecules and 

particularly to methods for recovenng such molecules by 
activated cell sorting (FACS). 

Backgromiiofthejnv^^ 
Th ere , a cnt.cal need in me chemical — ^J^^ 

of — and compound^-- markets mu5t me et stringent economical 

pharmaceutical, texttle, food and feed, deterg s 

and agrochemtcals is often hampered by expens P ^ 

and which suffer fro^ow — « ^ ^ ^ ^ 
Gerber, U.S. Dept of Energy study, 1995). Enzym toctional 
Vantages which canovercome these ^^^^-d-* 

, mole fractions in reacUon nuxtures. Because ^ ^formations. 

— — r rrr«»" * — 

„ „„„.,„ — - • — — "«~...-»' 

* i u,„^« has led to the increased demand tor enzyme 
25 reducUoninenvtronmen „W processes have been gradual 
and pharmaceutical industries (Faber, 



teplacing many con — c— ^^z^z 

^•-^^-"■S^ (exciuding DNA modifying 

enzyme activities thus far described. 

— l— r=. 

^UeuofaUvingorgan.sm^dercond.uonsof^d.emp ^ . ^(Enzyme 

smal , fraction of the -» « " of — isolated *» 

Md of biolysis takes on a new dimens.on ^^^^ &nction at 
, microorganisms that thrive in extreme en— « J ^ , 

statutes above 10CC in — « ^LentoftheDeadSea, 

gr ea,er than 11 in sewage sludge (Adams and Kelly 1995) nzym 
20 ^mophiiicorganismsopenanewfteldinbiocatalysts. 

, a Pxnressed from extremophilic 
Fo r example, several esterases and lipases .one ^ ^ ^ ^ f 

organisms are remarkably robust, ^*£Z~*>*'«*>'*~' 
^^-^ htoS,B r TTi^ - on .ong chain 
substrates in addition to a huge difference P 



w 

s fulfilling the need for new biocatalysts can be found by 

ssssss^- 



substrates. 



for have come from cultured organisms, 

most „ hactena and more ^ for their scr eening 

enzy me discovery programs re.y so.ely , fnaWraldiversity . Several reeen. 

progr ams and are ^ * ™ S ^j" , — vely less than 1%, of 
studies h ave estimated that only a sma Ipem ^ ^ ^ e , 

1995 , Bams e,. al .994, Torvsik, 1990). "Obsidian 

PoorioVellowsfon eNationa , ^ ^ of 16S ^ encoding 
by mi erobiologis.s (Bams, 1994). A little or no representation of the organisms 

^^^^""T^ZZ su Lsts substantia, diver* of 
whlch had P revious,ybeenculture d t„ m , »'^^ Ho( ^ flll «^* 

archaeawim—^ 

may be usefu. in industria. processes^ Spring to YeUowstone Park 

perf ormedsim,,arsmdieson.heeyanob.te ^ — diversity exists (Bateson 
^.ametomesameconCusto- , — «- ^ ^ ^ bacterioplarifon 
20 e. al., 1989). Giovarmom et al. (19 ) P by ^ reassociatIO „ 

^■^^^^^■^L He^thisvastmajo^of 
— matmemtseonsidemblea^ 

25 required. 



, ,. — -t — 

P a „tilirine the present invention, 

proteins can be discovered utilizing P 

productsareinvoWedinre.atedprocesses.T 8 eteunderthecontro , 

usually from 2 to 6 genes. Thus, a g 
iueuucaiorreiatedusuaUyastotheirfuncfon. 

Clustering is a prerequisite 

adequate in other mammalian spec.es. 

H the extent to which the full length of the 

duster is necessary for the express- «*P ^ llbwie s of 

20 undetgocon-reorg— -^"^ soure es is — in 

gen e dusters from, for example, ~ nduding enz ^es such as, for example, 

25 irr— — ™ 



agents and regulatory proteins, such as insulin. 



i rirh source of bioactivities, including 
Polyk etides are molecules which are an extremely „ ch ^ ^ 
—cs (such as tetracyclines and erythromycu, -*« J ^ 

.-"-^^-"■nSi - — as therapeuttc agent, 
p o,yketides (produced by po.ykettde synthases) * ^ ^ a ^ 

Uet.de synthases are multi— jT^^ an d cyclizatio, 

^^^^^^---^^ 

Polyketide synthase genes fall mto gene compli cating genettc 

polyk e tl de synthases have large - ^ method(s) of the present 

m etabolismorapoptos,sof<hecel>. Internal ^ „ or decrease in the 

, -leculesaffectedby thtstncreaseordec^ ^ ^ ^ ^ 

alleviate, its symptoms can acttvate or block any 
pharmaceutical effect. 

„ omolished by a transducing protein in the cell membrane which is 
Transduction can be accomphshed by ^ (q a ^ 

— d ^ ^ — production of so-called "second 

25 biomolecule. Hie "active transducing pr 



,„, «i, ,1., - "'„„,„.,«,«-«"•>• — 

transducing protein, ui a 

without mediahon by a second messenger. 

„• • -nhiolom For instance, ligand/receptor 
^-^^••^^TT^X <*— nucieotide-binding 
inter act,ons and - '^^'^^ dis le. A - number of O 
ptcteins (G-proteins) are of .merest me < . ^ fectors , 

^otmnsmitte ternary sensory sttmuh undone "' ^-^ 

. sma., number of -^"^f^^ cycl . Mutations in G proteins may 

„ , „ nff . sta te governed by a GTPase cyci 
with an "on" and off state g exoreS sion mutations, 

^tincitherconsdtutiveacdvauon^lossofc^ 

• • r nmteins of which at least 17 

- — rrrsrs-- — • 

„ distinct forms have been .solated Sliced through the heterotrimeric G proteins 

• uhservedhyGprotein-coupiedsignaUransductiomitisnot 
Given the variety offuncttons subserved by P ^ tQ ^ ^ 

sensing mat abnormal in O P-cious puberty and 

, manifestations as dissimuar as bhnduess, ^^^^^ 

„ is estimated that up to 60/. of today p ^ dasslcal 

.ithGprotein-coupied receptors. ^^^..^.f.** A 

25 tnoteefficientdrugdiscoveryprogramcouldbedep 



affect the interaction of G proteins wu 

r „ a nmteins or subunits thereof, 
S^^^^^^^Z^. Por example, 

- with tt; — ^ - , — ;f 

WO92/05244 (APn ' 2 - 19 bunitb utw hl ch has been entered t o produce bo* a 
resulted in G protein-mediated signal transduction. 

y east, and the use of the engtneeKd y ast « Adenylyl cyclase is among 

— dGprotein, { ^ Ldetec.hledesree. "Inh«ors" cause 



„• mic diversity. An extremely high-throughput screening 

libraries. 

— rr::;: 

20,000 cells per second. In a typtca, ekctronically , measure the magmtude of 

ulu minationzone and appropriate detectors g are ^ 

electronically into "bms or channels (Dayey ^ 

o.subceUularcomponentsandtheudts ^ ^ ^ „ , 

20 "heenofp— interest in anhna, eeU eu,ture. 

clone , ™--** to -"- ta, t , Tin^ — es on metaholic or 
rapidl y - — * ^ X i^^.eenusedtostudyaninraUeU 
25 physiological processes. Since, typi 



- tU rvc i e one goal of cell sorting 
teb een t o k eep t hece«sv*aun„sanda ft e r so rt ,n g . 

• » n A discovery of recombinant 

t lering DNA encoding binaries * 
Hard— .here are no reports - ^ present invention provides rhese 

-P— „ mn _, Mt cell s to recover 

l p , 0 ved for —, .sen— an — « • ^ ^ ^ , 

U,^^^^^^^'^,^ pigme nts are used in the 
agaric bioiog, where autofloorescence ° f P ~ fy J ount roarin e popu.ations 
„ fatten of aigae or DNA stains - ^ ^ ^ 

^ - lW ^ D,aP :«^ esters inciading fluorescein diacctate 
bacteria after staining with a range of fluorogen ^ ^ ^ ^ 

(FDA) derivatives and CemChrome B, " walds> 1994 ). Labeled arttibodies 
detection of viable bacteria in suspense (Dtaper an 
, roUgonncieotideprobeshave.sobeen.sedforthesepurpose, 

native (no,recornbinan«^^ 

.W^^^""^^ ^ ^ (hey sort ed denes of the 
25 iight-scattering data obtained with exctatton at 633 nm, 



. After gemination and growth, lipase 

stations ,n,o the wefts of uncrother ^ « ^ . 

(Betzetal.,1984). 

t . . fnr detecting cloned -galactosidase 

act ,vity in the eukarvotic orgamsm S , hhighle ve.s of expression (,g., 

raeas—ons.ngieceftsmeansftratrnd.v.dua.cd, 

report ed, a non-flnorescent "^^J^, totm m insoluble fluorescent 
p . gal actosidase and the Iterated naphthol PP t0 pre vent 

I difte ,on from the cefl. Such difl^on ^ o ^ ^ ^ of 

u- ;„ an assay detecting fusion proteins 
f „rArc machine in an asbay 

(Chung, et-ai^-ofBacenology Apr ^ ^ uis mo ni,ored flae expression of 
andBioen^eenng, Vol.47,pp.23« 2 099 ) ^ ^ ^ ^ Ue 

.caucused to nronito^^^ 

^Wedtahingsarupiesfroma spo.i « ^ 
avai ,able fluorogenic substrate for b-galacto , ^ ^ 

a^n .«^ ta ^Jr^^^-^ C, 
- -usedasadetectortoscreen o . - ^ ^ ^ ^ fom a gen e 

,he cells. The device was not used 



expressionlib^ornuCeicaudforthepu^oseofdiscovery. 

the capability of the FACS machm ^ ^ ^ ^ 

tadiffe^n. developmenuegulatory states. The screemng 

in this study as an indirect measure of developmental changes. 

^^-^^^^^i***. Uslnga 

chromogenic substrate, sucn as . + - c nnt nossible to monitor 

expression m mdrvrdual cells an ^ ^ determine 

, p.galactosidase act.vtty tn a large number o rf ^ 

This type of determination can be more tnforma. « wt* r g ^ 

«-.- - — r be rr", : U5 e „ 

viability under certain condmon. In ^ 

-P-S-^" T^rcrrhLtudycomparedthe.omoleculesas 
20 detection ,n ammal, bactenal, and ye for 
substrates .for P -galactosidase, and concluded that FDO „ 

PACSmachme were employed to perform the study on viable bactena, cell, 

25 c.«,,^«^«^^ 



m „lecule of interest. On tins bas.s, on ic To avo id elumpmg of 

h£t erogeneouscefls,,usdes,rabl ^^ M1 ^ rft ^ Bl o to ^*«c» 
to couidlimit.hesensmv.ty and therefore ^ rf grf 

be sensed. Weaver and his colleagues at MIT and ot ^ ^ ^ ^ ^ ^ 
.nicrodropiets containing (physrcally) srr, ; e^e ^ ^ 

be made sueh that suffie.ent extracellu ^ ^ basls ot 

gel microdrop,t, so as to permit flow ^~^e, Beads have aiso heen used to 

isolat e mutants ^^^Z^**^-"**"* 

_ lm — — 

flow cytometric analysis, and in P" " J (Biotechnolo .Bioen, (!993) 
movement programs for biotechnology. ^ '^1 wh ieh aflows the mpid arrd 

mutants. 

k„ „«.d in the present invention to 
Oe, mierodropie. or other related technolog.es - ' ^ ( l mbinantlibrari es. 
. ^^eU^pUfys-gnaisinthe, ^ nucieic acid - he 

Cell viability during the screenmg.s not an tssu 



recovered from the microdroplet. 



present invention. For instance, tag P ulation 0 f ce lls subsequent 



to heat kill steps uti 
thermostable bioactivities. 



sort edor g ™smsca„beprob 1 e m aUc.Uepresenfnve„. l o„ addresses an 
hurdles and offers a novel screening approach. 



SumnlsriofJheJnjSBtjsn 

^^ PUt — C II ThA P— DNA direct* isoiated from the 
exp r=ssion Cranes ^ of interest utilizing fluoresce 

environment, are screened very rapidly ^ 
act iva.ed cell sorting. These Hbraries can contain p--*- ™ 

.present sing.e organisms or can represent the genomes of o . . 

microorganisms, species or subspecies. 



arises CO generating one or more 
fl «e activated ceU sorter, to identi* said Cones. 

acid directly or indirectly rsola.ed from ^ 
par ticu,ar substrate or substrates of interest and (u 0«J ^ ^ „ 

^tifVcioneswhichreaCwiththesuostrateorsubstrates. 

- 1 e „ nrocess for identifying clones having a 
ln another aspect, the invention also prov.des * ^ ftom 

nucl eic acid directly or indirect,, rsoiated fro *e « covalent modifi ca.ion 

exposed libranes utilizing an assay ^ * . flw ^ .ctiv-rf cdl 

, of a target, and a high throughput cel, analyzer, preferably 
sorter, to identify positive clones. 

,„ _ — .. — -s ssssss 



DNAOpt.cnal.y.hemethodtoherco^ses^sfonn.nghostcens 
DNA to produce an expression library of a plurality of clones. 

• f nr *n aaent that modulates the 
interaction of a first test protem linked fte first ^ 

protein and second test protetn tn a surtable m ^ ^ ^ 

of t he agent to modulate the ■«^^^ ma ^ a ^ a ^. 

herein the agent enhances or inhibits the express.on of a detecta 
screening is by FACS analysis. 

*— "'"i:r;rr::;..r-^..». ri 

different enzyme, the temperai ^ of each 

2 o esterase enzyme on each ot me give 

DLtogeneratearepresen.tivehbraryasdescribed.nExamp.e.. 
number of genome equivalents). Assuming 



• « of Ikbp the fraction presented of all posstble 1 kbp sequences 



1,3 and 4. 



fluorescein-di-P-D-galactopyranos^e (FDG), CI/ fCMFDG) £co/i 

(C12FDG), chlo^omethyl-fluo^escei^l-*3i-P-D _ S a ^^^^ , P^^ l ^ , ^^^ ^.^^^Qyg^ight. Cells 

were centrifuged and transferred ,n.o HEPES ^ ^ 

n^tes. Cells were spotted onto a slide and exposed to UV hght. 
of the experiments described in Example 3. 

„ ^ « - - - - -™ ; M „„ „ «,,„ 

fluorescein-di-P-D-galactopyranoside (FDG) (lOmMj 
experiments described in Example 5. 

. . r o sala c,osidase clones from the hyperthermophilic archaeon 
Figure 8 shows stammg of P-galactos, e 
Su,fo,o b «s solfa.aricus expressed in Ecofc ustng C, 2 -FDG enzym 
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Figure9 s h0W s th es.« 

Flg ure .Osho— .eposes—, 
that can be used in the detection of monooxygenases. 

5 evolution. 

^einsenlibraryc.onesarecoencapsulatdv.tthaeu^ 

- e, s , ^ a„d ,0, - - — « ^ 

throughput screening on a fluorescence analyzer. 

on assays for bioactive expression of clones, 
, 5 onanisms. In u,is figure, sorting occurs on a FACS machtne. 

ctr,?n«; The picture on the left represents 
Figure ^^'^^^ of anotber spec.es of 
Streptomy.es lividans ^^^^^ taken front an Olympus 
Streptomyceswhichformsumcells(100Xobjecti p 

microscope). 

versus forward scatter graph of FACS sorted gel- 
20 Hgure 17 depicts a side scatter versus f o ^ forms unicells . Empty 

microdroplets (GMD's) containing a species of Streptomy 
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^icrodrop.e.saredis.inguishedfro.nfreecensan^ebris.a.o. 

. sm a„ molecule, or agent (labeled ~ ^ ^ ^ 

tra nsducing protein and Che, — ^ ^ ^ ^ ^ gel m i„od,o P lets, 

liposomes, or ghost cells. Ineag f mpthods inc i u ding detection of increase or 

which affect can be assayed via a vane, - ^^ rf ^ Mri ^« Ufl * 1 - 

with the receptor). 

• « nf PreferredEnibodiments 
20 iso.atedanddonedutilizingtechnicuesv.eU.cnowninthear.. 



s ^e,as d op r ev i o^ d esc nb ed t ec ta c o g ,es, c=* ^ ^ ^ 

^ - * ° toed fom al :::: - 1 — * or 

enough to produce ,he compound to be dete 
flourescent wavelengths associaieu 

toeinasfluorescentana^ersConeexamp.eofwhtch.saFACS). 

, appr „ach , based on the cons.ruct.on of rn en ~ 

dlr e Ctlyfrom en— taHamp^ ^ — i— a n—i0 „ 
prokaryo.es that can be grown m pure repre5e „tation of the 

^ *t the level of discovery of bioactivities. The presem 



• , Tl.eanalysisofacomple.sampleofthissizerequiresone 
fcousandsofdifferen.organ.sms. Theanalys.s The inven tion represents 

number of Cones. The method disciosed allows the ™ J\ This aliows 
tethorou^screenin^ofenviron.rentaHibrartesforc.cnes express 

encoding novel bioactivities from envrronmental samples 

— - tr ^ — - — - represent the 
sutoW e pro^ot, - J ^ microorgamsms ^ grated. fn this <ase, 

••norma— can * £«- „ rhe h ^ ^ ^ 

more equally represent the DNA from a ftom 
N o— n teehni.es can dramatically . = *e f^ ^ 
g e„omes which may represent — demonstrated that an organism of 



species. 



vectors that canbe propagated in suitable prokaryotic hosts. 
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■ from which the libraries may be prepared include prokaryotic 
The microcosms from w ^ ^ ^ ^ eukaiyotic 

microorganisms, such as Eubactena a 9 nbraries may be produced from 

microor g anismss U chasmn g i^ 

e^onmenta, samples in which case D. A may b ^ ^ ^ ^ 

alkalophiles, acidophils, etc. 

o^edarepaniculariyco.emp.ated t o ^^^o, 

vo.canicori.invma.erials.omsoilorplant sourcesm.ro " rable or g anism.a„d 
g e„omicDNAmay be recovered ^ ^ " — " 

L pl oyed , produce an approve recombman , ^^^^ 
defined herein as multispecific libranes. 

n 1 ock w^Ipv-T iss Inc., Howard M. Shapiro, m.w., <u 
"Practical Flow Cytometry", 1995 Wiley Liss, inc , 



F ACS for activities of interest. 

,.,„,„, * «. ,« »-». »•« — ' - °» ■ » „ „„, 

DN A n then used for the generation of gene hbranes, whtcn 
analyzer for activities of interest. 

generated and screeneu. iu« cnecies These 

J -end increases the representation of clones from rare species. 

cells encoding novel biological catalysts. 

, • ™*1i 7 ed library from an environmental sample begins 
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mixtures of genomes. Th.s P ^ ^ prfor „ 

environm e„ta, samples. AUemat,ve ly , t heDNA ^ e ^ ofm|cleic 

ac^eme— d — 

^^rr!^^— "** «* - step ' 

than the rare sequences. After an p ^ using 

--cac^ep— 

used to generate gene libraries. This p ^ ^ 

be - lot This method offers the ability to 

organism(s) originally containing the DNA may 
recover DNA from "unclonable" sources. 

v^A lihrarv from environmental sample(s) is 

«~.»^---^'^^».^~-» 
B, ™*^.« — - <•> •'-» — "** " 

23 



Laboratory, 1995). Preferab ^ ^ ^ onmenml 

-Pl= ^ ° r Ce " S ^ ^ 7 ra , ad _ over protocols based on ceU 



DNA. 



■ nNA from extreme environmental samples varies depending on 
Isolation of total genomic DNA from extrem nua iitv (>20 kbp) DNA is 

. „f material Uncontaminated, good quality «. w 
the source and quantity of material. ^ .^.^ 

^dformeconsmictionofarepresentativelibrary Asucce * 

, ■ .he standard cetyl-trimethyl-ammomum-bromide P 
pt otocol is the stand* * ^ by ^ nonspecific protease, 

technique. A biomass pellet . lysed P ^ ^ high sa ,t 

concentrations, CTAB forms, nso urail ,he white interface containing 

the CTAB complexes is reduced substantially, 
precipitated with isopropanol and resuspended in TE buffer. 



u »™«im/ed Isolated nucleic acid may 
wlt h cocktails of various cell-lysing enzymes may be enjoyed, 
then further be purified using small cesium grad.ents. 

, A hv inserting the DNA isolated or derived from a sample into 

example, with a 25 gauge needle), blunt DNA, y ^ 
h^rs,sizefraetiona,e(forexamp,e,useaSucro,Ga^. g 

v e C tor,pac,ca g e( in v, ( ™lambdapac k a g ingex«rac«),pla t eon£ co„ 
, oKAgeneratesarepresentattveitbrary. WA -""in the desired stze 

restriction sites in the target UNA ^ of 

- — """iBco.Urestrietionendonueleaseand 
the DNA is size fractionated. The remova molecu l e s that are 

- ir^:rr.— — 



appropriate E. coli. 

^ of expression vectors which may be used there may be 

,,;*-ai niMA (e <s vaccinia, adenovirus, iuu* F 
bacteria! artificial chromosomes, viral DNA (e.g. s yeast plasmids , 

ps en d orabies an d — es of SV40), P 1 -based J ^ 

following vectQrs (Stratagene) . ptrc99a , P KK223 3, 

as long as they are replicable and viable in the host. 

. rsssssu — * : 

— — — -^rr^rr, - — 

bacterial artificial chromosome (BAC) vectors. when integrated with 

whi ch is able to stably integrate large segments of genomic DNA. ^ ^ 

25 .enomieftagmentsinmeformofastable-environmentalDNAhbrary. 
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♦ ; c nnerativelv linked to an appropriate 
The DNA seance in the expressron vector s o — ^ ^ 

expression control sequence,) (promote, ) to drrec KNA . nthes ^ 

,i i„i \nc7 T3 T7, ept, lambda P R , r L ana irp. 
bacteria, promoters mclude lac lacZ, ^ftSV thymidine kinase, early and late SV40, LTRs 

of the appropriate vector and 
from retrovrrus, and mouse metaiiothrone.n ^ a , s0 

other vectors with selectable markers, 
ampicillin resistance in E. colu 

dlIect option — ^^n^l- ^ ^ 
from operons encoding glycolytic enzymes such as ^ ^ 

sequence is assembled in appropnate phase wrth ^ 
sequences, and preferably, a leader sequence capable of drrectmg 
proteinintotheperiplasmicspaceorextracellularmedium. 

•, ,vnression via both vector driven and endogenous promoters; 
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will not function in E. coll 
t0 be within the scope of those skilled in the art. 

r"^-- : - : 

t0 prepare a library which ,s screened for the des, *m 

, * ' ~" WMCh ^tel of the desired 

seiected DN A which encodes for an enzyme may be cxpre 

C a,cium phosphate transfer on DEABD ^ ^ ^ 

(Dav is, U Dibner, ' ^ J' is j e emed to be within the scope of those skilled in the art 

selection of an appropriate host is deemed 
5 from the teachings herein. 

— — —""triers— ■ 

20 host cell selected for expression, and will be appar 

tsssssssssssssz 



libraries. 
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inrhide the additional step of 

Kfersl oap r ocess f ori d enuf yi n g c 1 oneshav 1 n g aspec 1 fiedb , 

for sequence homology h a l.bra, rf Cones prepan, » « * WA 

deri ved from a, leas, one m icroorgan,s m can be Ml * ^ 
, ibrary can be prefer^ ^^"^^-l* 

20 hybridization in which target UNA about 50.%- sequence 



70%. 



+ ^tv nucleotide sequence composition {e.g., GC 
stringency conditions); and 0.1 x SSC conditions, or 

rrcri - — — - — -* - - - 

determined empirically. 

, poUa! invest are W e.. Unown in t He a, ana any of thos . ^ 
DN A derived from the microorganisms. 

•""• i, "* n,iw " ti^, » - 
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paramagnetic particles. 

• , , bu , desirable to perform an ampUficanon of the target DNAtha, has 
^•» ,SOptIOM ' bUt 7 b '; t J targetDNAis separated from the probe DNAafter 
been isolated. In th.s embodtment the targe, U ^ double stranded 

well known in the art. - 
Th e selected OKA is then used for P re P ann g 

transformed by artificial mtroducuon of the vect 
inoc ulanon under condittons conducive for suchtransformatton. 

, Ue resultant Ubraries of transformed clones are then screened for dones which dis,. 
activity for the enzyme of interest. 

. i ftnm DN A selectively isolated from an organism, 

specified enzyme characteristics. 

a.ACSmachiner— 
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, • w Alternatively, encapsulation techniques such as gel 
activ ity or for a more specrfc actrv.ty. Alterna. y. ^ ^ ^ 

pos ,tive mdividual clones. Thus, for example, c ^ ^ ^ ^ 

teindrvrdualclonesmayberecoveredandscreene se „ , lbrary - me ans 

containing clones with random large size 
several hundred thousand base pairs or greater. 

cts the invention provides a process for 
As described with respect to one of the above aspe ^ microorg anism 

^^^^^^^^^ 

which process includes: a plurality of c i on es, 

5 screeningalibraryforspecifiedenzv.eactivitv^^l 

20 specified enzyme activity. 

enzyme activity by: fat0 , single . stra nded DNA 

(a) renderings double-stranded genonuc DNA p P 



population; 
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, ♦ ^ ^ntactina the double-stranded complex ot w w 

to the solid phase bound probe; population of (e); 

(g ) .ntroducing the double-stranded DNA of (f) 
el^ap^ofdonescontaininstneseiectedDNA,^ _ 

(h) screening the library for the specfved enzyme acuvtty. 

, .tmn to recover DNA including signal or 
another aspect, the process ftom ge „ ora ic UN. 

- - «— - w i::;r" 

partner for said ligand so as to produce a solid phase comp.ex; 



genomic population which had bound thereto. 

::—:»:;—. :r— — 

having the specified enzyme activity. 

, T , 1S serial No. 08/692,002, filed August 2, 
1996?incorporated herein by reference. 

hairpins whtch ate desired to the tr— d regtonso * RNA 
.edinthebiopanningprocessconsistofohgonucleotdeslabe^ ^ ^ 

ItectLandsonedbytheFACSmachineduringthescteentngproces, 

• H . omhine all the above embodiments such that a normalization step 
Further, it is posstble to combme all the b ^ 

ii':^.r^ 
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a ■ „ hieh throughput cell sorting and screening 
expK ss,on Ubra. , then — - IJ,^^^ 

the „ screen it; (n) normahze the target , » ^ screen 

normafe, generate the library, btopan and screen, or ( > g 

the library. 

eraym e activ„ y screened for W be one or -* « * ^ ^ 

a more specific enzyme activity. 

the iibra, ^ be screened & r a 

, SDe cifiedchernicaJ&nctionali«ies,suchas:(a)am 1 de(pep 

5 3 S ,U.es t erasesandUpases ; (c)aceta 1 s,U.,g.ycosidasese ( , 

^ Cones *h are ide^ed as baling tbe ^^^Z^. 
^accordances present — ^^^^^^ 

such activity. 



Lipase/Esterase of racemic mixWres , 
enantioselerfve hydro.ysis of esters (UpufaV flu esters, 

s , th e si s o f optically act.e acds or alcohols ^ Ldary 
conversion and cheese ripening. 

Glycosidase/Glycosyl transferase 

„ lig „saccharides, synthests of complex g glycosyl fluorides, aryl 

Phosphatase/Kinase enantiosel ective phosphorylation, 

Synthesis/hydrolys.s of phosphate esters, reg ^ 



without protecting groups. 
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Mono/Dioxygenase Vwdroxvlation of alkane, 

s«2ss==^ — 

stereoselective Bayer-Villiger oxidations. 

Haloperoxidase of halous acids to 

and activated aromatic nngs 
cleavage of lignin aldehydes. 



15 



Epoxide hydrolase rounds redo- and enantioselective 



Nitri.ehydra.ase/Bitrilase heterocyclic, 



hydroxynitriles 

37 



Transaminase 

Transfer of amino groups into oxo-acids. 



Am idase/Acylase ^ ^ acid resolutio n and 

Hydrolysis of amides, amidmes, and other C N bo 



synthesis. 



Reactivities. For instance, the abthty to sele t ^ ^ 

libra ry of poises and ~^ h ^~LL«**~*» 

sector further comprises ^"'^ activi ^ ftom the iigated gene 

clus ters. U-f-.o-hichhaveanexcephon^y ^« > „ ^ 

introduction are particulariy^^^^ 

, during conjugate and * .deal to a cos[mdSj 
asgeneclustersftommixedmicrotaal samples. Otherexamp 
bacterial artificial chromosome vectors, andPl vectors. 

j te rclative i y la rge DMA molecules, have high cloning 
and packaging efficiencies and are easy to handle and 



renins Systems Inc.) have a convenient subcloning feature that 
promoter does not function in £ co//. 

UefoUowtng describes the tota, number of assays reaped to test an enure library: 

two mam factors which govern the tota, number of Cones 
sim u,ta„eous,y screened are („ the leve, of gene express^ ^ 
sensitl vity. Asesumateoftheieveiof.enee.press.onrs, „ 
^bdawiiiproducelO'copiesofthe gene product from the .nsert. FACS instru 

sufficiently sensitive to detect about 500 to ,000 Fluorescem molecu.es. 

, order to assess the total number of Cones to be tested (.*. the number 

In order to assess Assumin g that mechanical sheanng and 

, ^hievea-Wcprobabilityofobtainingaparticulargene. Thrs represents t p 
^eLLyLabrarythroughpu, ^^^^^Z 

achievea>90%probabilityofobtainin g apart 1 culargene. Thrsnumb r 
assumingthattheorganismsdiffer vastly inabundance in natural popuiatrons. 

Substrate canbe administered ,„ the cells before or during the process oftheceU sorting 
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Z 1 - " * ~ 

oc nivKO or elvcerol, can be administered to co<u 
preferred solvents, such as DMSO or gly , ^ 
the cell Also the substrate can be adrmmstered to the cells 
nasbeen observed to retard lea k a 6 eofthe substrate from the cell's intenor. 

■ ========= 



40 



proteases, phosphatases, and monoxygenases. 
Such responses can include chromogen.c or H«o ogen, P 

methodologies. 

- - r r r 

« ... ».™ «- « - "';','„ _ « «■<. » 

25 F ACS instruments are capable of detecting 



one cell wiU display enough fluorescence to be detected by 
fluorescence-activated cell sorter (FACS). 

fluoresceln-dK-D-salactopyranos de (FDG as ^^^^ mU ^ 

(FACS) upon hydrops (Nolan e, at, 1991). A p ^ 
assay ispe—atroomtempe^^^^ 

Wit tt np e < a /,1988).Perform 1 ng js , ow lemperature is no. adaptable 

for screenmg for, for instate h,g P ^odecanoylanrino fluorescein 

substrates have been developed, such h'rh differs from FDG in that it 

„=;h, <C -FDG) (Molecular Probes) which differs from 
di-(-D-galactopvranoside (C 12 -FDU) tM mem branes under 

■ • "«-• ^' -r " 

. physiological culture conditions. The green ^ ^ 

--••'T-rirrrr— 

reporter, gene. In animal cells C l2 tUO was However in 

Gram negauve bactena like t. con, ^ 
, i r FDG and it only passes through this barrier it the cells 
25 lipophilic molecule C, r FDG and . y^ ^ ^ ^ ^ 

— ^ et ?"; f :rmayC: OT — — . «• - - - 

the addition of unpolanzed tails may be usea 



respect to other enzyme substrates. 

cent rifu g ed and washed in deionvzed water and s«a ned 

, * a ^ 7n°r for 30 minutes and examined wmi a 

^th^FDOshowaverybnghtfluorescenee inside s,nglece„s(F lg 8). 

„hili 7 es the cells to allow the substrate to pass through 
Th ehea,treat m entof £CO /.penneab-hzethece ^ «,. 

te membrane. Control strains contammg plasm.d DNA * ^ 
of— edHuoresc^^^ 

ateleva tedtem P eratu : .The ^ calbon c hains can be 

. of substrates tremendously. Thus, »ta ^ the 

generated and utilized as screemng substrates m th p ^ 

be emplo yed f or ,oad,n g ^ ^ ,oad substrates without 

solvent up to a concentrate of 50/. mwat d 

with fluorescence microscopy. 
25 ofiauncanhydridemethylamineandN.N-diisopropylethy.amrneareadded 



■ Vii f rm After the reaction is complete, the product 
fluoresceins m chloroform. After th nized . 
S^odecanoy.-aminofluorescein-di-dodecanotcacdfC.-FDCJ.sr ry 

j in the « way as the esterases, with an amide being 
Proteases. Proteases can be assayed ,n the same y 

cleave d instead of an ester. There are now ^\™^J^ <*» 
ava i,ab,ewith anacyiatedfluorophoreatthescssde te ^ 
,0) have more lipophilic characteristics compared to fluoresce p 
therefore they make good substrates for more general assays. 

commercially available, 
are robotics instruments and time resoivcu 

LvermeLoughputisnotashighas^ePACScellsortingmst— . 
When screening with the KACS — - — > * 

iosmodeFor r"r:r ::i iri j. organisms or - 



we „, When convex env— (,, Ubra.es c~ g -dO" Cones 

whi ohreprese„t>100or g a„is m s)about500expressin g c.onesshou,dbeco,.ectecl. 

La.ed mmiprep machine, such as that from Au.oge, The plasms are .hen 
ga rp.a t e based or— ed houid forma, assays. Confirmed expressron Cones can .he 

a^enesrCRsubcionedforo^^^ 

:«d.. into s ing ,e ,bes and ,he p.asmid inserts recovered as amphfied produc. 

— edint osu it a b ,evec t o,ho,ss y s t emsrorrescreem ng . 

noirviabie.Ceimic^ 

thr0Ug hpu.; after me coiony size s ig na, boundaries are es.abhshed, abou . 0 GMD p. 
to ensure localization of signal. 

libray are screened on a FACS machine, and posi.ive Cones are recovered, DN A ,s rsola.ed 
25 ^^hevariousampHf.ca.ion.echn.ues.nowr.^ear,. , Wv 0 a.p— wouid 
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such as the polymerase chain reaction. 

Cones found to have the bioactivitv for wh.ch the screen was performed car, also be 
aJelop nrodmed bioactivities w,,h particularly desired oroperv.es that are absent or less 

particularly preferred mutagenesis technics for use in accordance w,,h the 
,o include those described below. 

„ mne pcR „ refers t0 a process for performing PCR under conditions where 

1:11-15 (1989) and Caldwell, R.C. & Joyce u.r., 

The term "oligonucleotide directed mutagenesis" refers ,o a process which allows for ^ 
" Nation of site-s P eci f ,c mutations in an y cloned D ,A segment of mtere, 
Reidhaar-Olson, J.F. * Sauer, R.T., e, a,.. Science, 241:53-57 (.988). 

20 ^ hte «*^P»«-- — ^*' , - i - ,O, - 0,h " 



reaction. 



The term "sexual PCR mutagenesis" (also known as "DNA shuffling") refers to forced 
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# 



Hology, flowed by *«» of *e crossover b y pri- extens.on » a PCR reac„o„. 
S«e m mer,W.P.,PNAS,USA,91: 1 0747..075 U1 994). 

. e « ^nesi, - * an, process -j;^^ 

randomized native sequence. 

refers to an algorithm for protein engineering 
andYouvan.D.CPNAS.USA, 89:7811-7815 (1992). 

, £=SS=£=§ 

• ,rid<; which lead to functional proteins, Delegrave, an 
an.no aculs winch 1 &nd site . directed mutagenests, 

Biotechnology Research, 11.1548-1552 

Arnold F H., Current Opinion in Biotechnology, 4:450-455 (1993). 
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rescreened on the FACS — 10 *-* - erestutmzingany 

screening .. as uttl.zed herein means screentng for ny «v J 
express flU oresc, ngm o^^ 

proteinsthatcan^over <>^'^^'^^ maeAbm 

more desirable clones. 

20 of interest, such as transition state analogs, and screened 
for activities of interest. 



t0 assa y several rni.l.on Cones per hour for a des.red b.oact, J 
an extreme* high throughput screening process necessary for 
biodiverse environmental libraries. 

as.forexample.G-proteins.rnthe present — ' J M ,, target(s) , 

ron.cn tai or other sampies, as descnhe, here, _ 

In partl cu,ar, agents are — ^^J^^ 
grated by the expression of said pathos "J^^^^ 

, ^^^-^^t^r-i* Alternatively, agent 

the ce,l to yield agent molecules «- j^^^.^**** Cells 

various methods, such as those described herein. 

(sm a„ molecuies, for examp e can be — ^ ^ ^ 

instance, Examp.es proved here,. Sard ceU P ^ ^ ^ 

Prokaryotic cells can be bacteria, such as ZcoL. A p 
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atenat , vely be expressed outS ide the encapsulation P;rt ,c,e, ^J^^ 
denies generated via * o f expressed p^s (sue ^ - - 

described in the Examples below. 

gh „s, red Wood cells or macrophages, liposomes, or any other means 
localizing molecules. 

:z 

»»•> »^^-r«.r— r:;:, — - - - 

— '»"™" o" f— ™>- ™.«**——» 

described (reviewed in Ihler, G. M. (198J) J. ™an 

,he present invention to encapsulate samples for screening. 

n, as - herein, is ,y nroiecular 

- — ■ - enVi- SU,tabk e 1-d from a variety of lipids including 
example, liposomes. Liposomes can be prepared 
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phatldylchoune . ^^r^tr; 

Mono- or dialkyl phosphate esters, or alky! amines; e.g., d.cety. phosp 
hexadecyl amine, dilauryl phosphate, and the like. 

scr eened and identified Thus, h p- ^ ^ as 

— ^1 for compo u„ds which affect G-protein 
protein-protein interactions. When screen g encapsulated 
interactions, host cells expressing recombinant Cones to be screened 

incr ease or decrease tn activity or presence ^ ^ ^ 

incl uding nucleic acids *£^^'~*~°<<-*'~ 

ligand/receptor interactions, transducers, sucn as v 
occurring inside a cell are useful in the present invention. 

• ,-„„ Other assays which detect effects, or changes, modulated by effectors are 
mention. O.heras^ „ signal; must be Actable against *e background, 

26 ::idbyd— a* 

be altered and detected. Said functional genes may 

fllcen. protein, or red fluoresce, protein (Biosci Biotechnoi Biochem ,995 Oct, 
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59O0V 1817-1**). or Cher detectable molecules. These "functional genes" are used as 
59(lU).i5w 10^;, h desired. 

===== 

o J, or a de.ec* nation in expression ieveis of reporter molecules w,,h,n or 
distinguished from those W hich do not. Selection is preferable ,o screens 

========= 

a response. 

^ US e of fluorescent proteins and/or fluorescent groups and quenching groups in Cose 
ZZ to one another to assay the presence of enzyn.es or nucleic acid sequences has 
k 1^0 97/2826. and W095/133W In the ftrst of these reactions, fluorescent 

proximity to exhibit fluorescence energy transfer. Substtates for enzyme actwtt.es « 
^utilizes a fluorescent protein and a quencher molecule in close proxtmtty to exhtb 

25 *ZZZ^^^^ oMm ^ 
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a fluorescent signal. Still another gro p fluorescent protein 

on „neendanda q uenche r o nt heo te (EP 0 42 8 . in 
ass avs can be employed in the method of the ^ — ^ or other 

^^^0--^-^ ^lUtionofor improved 
pro«einprc4uc,ion(«ran« 

ssociation of — molecules, sue, as ^ 
acionsofbioaCivecompoundsdireC.yon.ranscnpnonofpartKU, 

^^^^^^^^^^ 

invention. Substrates are localized into the P ^ ^ 

als o be engineered to contatn genes .e g ^ ^ ^ ^ 

— ^ KgU '; ted ^oT^Ipl^o.ecu.e.of— de^onofthe 
expression (or lack of express.on) of fine epo iftheultimat e effect of an 

a reporter gene to facilitate detection of the express.on. 

J5 cellular "events". An event , «*z or 
modified or event which occurs tn response to expo 



For exa mP ,e, eleven, w h ,ch a„ be - t ^ ^ ^ 

^ C ^ c y c,e events, such - - — 
T " d ; e r;l' (ie prop.diunr iod.de, S-hrorno-.-deoxv-urrdine (BrdU), 

r x ' ™ r~ ( — ^ * *-* 

Annexm-V-tLUUb, diiu instances the cascade 

Mo.cu.es, such as f— subsua.es, wh.cn facilitate interest. ELIS A or 

— ii::rx;r:;=:» — 

libraries according to the present invention. 

rrssn: — 
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ca n the be utriized for further downstream screening. For example, these Cones can be 
elr!s ed to yte.d backbone structures (defined herein), which can the be decorated tn 

Th e present invents provides for strategies to uti.ize high throughput screenmg 
m I, descrrbed herem to allow for the enrichment for destrabie ac„v,t,es om 
Ration of moiecu.es. In one aspect of the present invention, ceiis are screened fo * 
Lee of ubMtous moiecuies, such as thioesterase activities, to a.iow one to ennch for 

Ton sepal polypes (type II), that act in eve, cycle. In contra* 
J ipk-Qc that contain a distinct active site tor 

, P^-^-^TC^ scalds are generated and 
every catalyzed step in chain synthesis, type P° y 
cle Ld from the acy, carrier protein in a final action by a 
^oesterbondcieav^^ 

25 be clipped from the carrier protein (Cortes J., et. a!., Scence, Vol. 258, 9 June 1995). 
HylSon (homology) screening can be empioyed to identify cells contatmng 
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prob es containing probing se q uences denved f om kn w ^ 
requires single cell detection, such as a FACS mach, 

(mult inuc,eo,d ce„s fragment to produce ^ ^ 

organise germinate to ma k e substrate m.ce, (du^ > 

pot ential. y prodded), ^^^^^^^ta.*-. 

species. In a preferred embodiment, P 

— , unl, k e most other ^ ^ 

te cultures reach the end of vegetafve grosvth. Because thep ^ 
25 oolites, including bioactive small molecules, ^ -J 

possible to screen for S,^- ^ue,ae fragmented 
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h as a FACS machine, given the natural 
bl0 actives by a fluorescence anaiyzer, such as 
fluorescence of some small molecules. 

nonfluorescent cells. 

• an enzyme that catalyzes the 
Urop orphy™ogen HI methytoansferase J ^ ^ ^ ^ 

, s-adenosyl-l-methionine (SAM), ^ ^^.^ 

.oporphyrinogenmmethyltransferasetoyreld s, J ^ ^ ^ 

synth esis of — e, factor F430 and ^ ^ , a ubiquitous compound found 
t0 produce a fluorescent compounds** trimethylpyrr ocorphin, another 
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■r a fmm F coli (1), Pseudomonas 

Bl o.ech„o 1 Bioche ml 995 Oc« ; 59( 1 0):,817-1824). 

fluorescing properties of this and other similar 
ln the method of the present invents the fluo esc n, p P ^ pKV10usly , or 
^pourrdscanarentilizedtoscreenforcornpoundso - e 

are uti.ized to enrich for the presence of compound of 

—t Cones potent* .^^1^.^ 

propenk , ^^^J^«^^~*«-.« 

Pathway Cones expressed n " ^ b<r . decorate d» in 

..backbone structures" to btoacttve compoun s ( ^ 
0 therhostceUs,fore X a m ple,inmetaboi,ca,,ynch organtm* 

^e^entaistructurethatdeftnesap— 

s Withineachciass.variantsareproducedbyt^ d „ present in 

rearran g ementofrin g structuresrdecorat,onor ^ idd a fluoresc e„, signai, 

aromatic bioactive compounds are known ,n som — ^ rf these 

wh ,ch can be utihzed to distinguish these celis ^ 

20 abso^ceofanon-recombrnantho tc^an tially producing bio active compounds 
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♦■ n*\W exnressing molecules of interest are 
- * «- ^ ° f " 7* ™Z ZTdJL- - mansion and 
soeening for recombinant clones. In th,s aspect o P d evaluate 

populations or to screen as prevtous.y pubhshed, bu 

- - — ^ — l ° r^^*- - " 

encodinguroporphy^^ 

— — " I r e^ampie, or f or a Sm a„ 
or referred to herein. 



u * FACS machine. For example, E. coli cells 
for utilizing a fluorescence analyzer, such as a FACS mach " 

,„„„. - — - „ olsl „ „ ,„„ „ 

actl ve compound. Non ^ ^ ^ 

molecule vta addition or dtsrupnonof.fo^ 

Van dcrWals forces. Modified compounds can be screened y 

those described herein. 

a ,„ „.ili7ed to modify the molecules generated via the 

screened for via fluorescence screening, utilizing va 
herein. 

cells can be utilized, allowing postttves, whtch m th.s case 
ere co,ered.M— 
25 posiUves.Lessorno growth of Staphyloma* or other organrsms be.ng evaluated 
capsules with less forward and/or side scatter. 
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dea ,„or median interna, molecule or confound within the host. 
Many ^ pathogens ^ - - 

VaUlvia and Pa lk ow have ported a select ^^^^ 

of drug susceptibility and nutritional requ.rements. 

.porter mo.ecule and a c,o„ P ^ ^ ^ ^ 

20 coinfected_in*e m et h odoft^n ^ ^ ^ ^ 

encoding useful bioactives, and plasmrds or ^ 

=»^~"==~:~ 



„lno for pathways encoding bioactive compounds 
me thod aUows for the raptd screemng for path y Qne 

t0 identify biolo^caUyrelevanttndecules active in mammahanceU, 

way whatsoever. 

F\ am ple 1 
DNAlsolatu^^ 

sample, 
(about 3-6 kb). 

■ • . .v, r,MA The DNA is precipitated for 10 minutes 
,„ precipitate the DNA. The DN P ^ 
.emovedbycentrifugationinamicrocenmfugeforSOminutes. P 

lmlo f70%ethanolandrepelle.edinthemicrocen.nfuge. Foilowing centn 
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DNA is dried and gently resuspended in 26 ul of TE buffer. 

M^ ta ^.fDNA.Tl- D N Ata n^by^4^of.0X^IM et ^* 

Buffer 0 5 ul SAM (32 mM), 5.0 ul EcoR 1 Methylase (40 u/ul) and incubating at 37 C, 
hour order ,o insure blun. ends, add to the mediation reaction: 5.0 u! of ,00 mM 
Mga 2 ,S.0u,ofdNTP ra i x( 2, m MofeachdOTP,d A TP,dTTP,dCTP),4.0t l ,ofK,enow 

(5 u/ul) and incubate at 12°C for 30 minutes. 

Aft er30minutesadd450 ,l IX STE. The mixture is pheno.,=h,oroform extracted once 
fo.lowedby anadditional chloroform extraction. One m , of ice co!d ethano, ,s added to the 
final extract to precipitate the DNA. The DNA is precipitated for 10 minutes on ice. The 

wi th , ml of 70"/. ethano., rcpelleted in the microcentnftige and allowed to *y for 

minutes. 

Ligation. TheDNAisligatedbygentlyresuspendingthc DNA in S ,1 EcoR , adaptors 
(f L Stratagene, cDNA Synthesis Kit), 1.0 p, of ,0X Ligation Buffer, 1.0 ,1 of 10 mM 
rA TP, 1.0 Ml of T4 DNA Ligase (4Wu/u,) and incubating at 4°C for 2 day, The hgatton 
reaction is terminated by heating for 30 minutes at 70°C. 

Phospho^onof adapts. The adaptor ends are phosphorated by mixing *e ligation 

poly „ucleotide kinase (PNK) and incubating at37°C for 30 minutes. After 30m,„utes31 
0 ulHpandSmllOXSTEareaddedtothereactionand^esampleissize^ctionateona 

once followed by an additional chloroform extraction. The DNA ,s precpttate by th 
addition of ice cold ethano. on ice for 10 minute, The precip.tate ,s pel.eted W 
centrifugationinamicrofuge at high speed for 30 minutes. The resu.tingpe.let .swashed 
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sample is resuspended in 10.5 ui 

as above except use 2.5 ,1 of DNA and no water. 

, , .almOSizeFractiona.ion.Stop^ationbyheatingthesample.oa^ 
SucroseGrad.ent(2.2ml)Size h r „. sucrose gradient and centrifuge m 

for 10 minutes. Gent.y load sample on 2.2 m « » J 

•a ot ASK 20°C for 4 hours (no brake). Colieci irac 
min , ul tracenmfuge at 45K C ^ ^ ^ flow ^ 

tebottomofthegradienttubewttha^Gn ed hen coUecl 10 1-drop fractions 

.heneedle. Collect the first 20 drops ,n a Fa,con 2059 tube ^ 

pool fractions 5-7 (about 5-0.5 kb). Add ml fa 

tnembycentnfugationinamicrofcgeathighspeedforlOmmutes 
5 pellet in 10 ul of TE buffer. 

t „ get an approximate concentrate. 1.4 - >1 0 ug/ul. Fraction 5-7 = 500 

concentration compared ,0 the standards. Fractton 1-4 ->1.0 

20 ng/ul. 
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Sample 



H 2 0 lOXLigase 10mM 



Fraction 1 -4 



Fraction 5-7 



0.5 [i\ 



Buffer 



0.5 \x\ 



rATP 



0.5 ill 



Lambda 
arms 
(ZAP) 



1.0 \x\ 



Insert 
DNA 



0.5 \i\ 



0.5 \i\ 



0.5 



1.0 ^1 



2.0 \x\ 



T4 DNA 
Ligase (4 
Wu/(1) 



2.0 \i\ 



0.5 \x\ 



0.5 |il 



Test Package and P.a.e. Package ,he ligation reactions following manufacturer's protocoi. 
St op packaging reactions with 500 p, SM buffer and pool packaging that came from the 
same ligation. Titer 1.0 u. of each pooled react.on on appropriate host (OD M0 - 1. 
(XU-Blue MRP]. Add 200 pi host (in mM M g S0 4 ) to Falcon 2059 tubes, inoculate w,th 
, pi packaged phage and incubate a, 3TC for ,5 minutes. Add about 3 m, 4S C top agar 
[50 m. stock containing 150 pi IPTG (0,M)and 300 pi X-OAL (350 mg/ml), and plate on 
100 mm plates. Incubate the plates at 37°C, overnight. 

^cation of Libraries (5.0 * 10= recombinants from each Ubrarv, Add 3.0 ml host 
celMOD^LOXo two 50 m! conica, tube and inoculate with 2.5 X ,0> pfu of phage per 
conical tube, mcubate at 37'C for 20 minutes. Add top agar to each tube to a final vo.ume 
of 45 ml Plate each tube across five 150 mm plates. Incubate the plates a, 37 C for 6-8 

and place at 4»C overnight (with gentle rocking if possrble). 

Harvest Phage. Recover phage suspension by pouring the SM buffer offeach plate into a 
50-ml conical tube. Add 3 ml of chloroform, shake vigorously and incubate at room 
temperature for 1 5 minutes. Centrifuge the tubes a, 2Krpm for .0 minutes to remove cell 



1 ul amplified phage in 1 ml SM Buffer; 1 ul of the 10 dilution ^ dilution 
(10 ->, moculate the other tube with, ,m ddution^O ). C for 15 

III, 3 m, 4,C top agar L 50m, stoc. — ,50 , IPTO (0,M) and 3 75 ,1 
X L(350m,ml) ] ,oeach,u b ea„dpla,eon,00 m mplate, I ncu b ,e,he P ,atesa,3 7 C, 

0Vemight - , tV ,, nB , UES CRlPT library according to manufacturers 

Excise the ZAP II library to create the pBLUbbCKir i 

protocols (Stratagene). 

Fvam ple 2 
M»rm'ili/aIion 

72 hours, rollowi g * absorbance detector set to 280 nm. 

25 l^omalO-folddilutionoftheK.co.pea.usingthefolIowmgpnmerstoamphfy. 
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Forwardprimer: 5 ' - AG AGTTTG ATCCTGGCTC AG-3 ' 
Reverse primer. 5'-GGTTACCTTGTTACGACTT-3' 

Recovered DNA is sheared or enzvmaticallv d.gested to 3-6 k b ^ ^ 

if necessary. 

• v, nnnnlished as follows by resuspending double-stranded DNA 
Normalization is then accomplished as 10110 y v 

Zt Th sa mP ,e ,s overlaid with minera, oil and denatured by boUing *c . 0 — 
Z >e is — a t 6rC for ,2-36 hours. Do*-— DNA ,s separated f.m 

is repeated for several more rounds (up to 5 or more). 

Fvamnle 3 
r,U Staining Pri ort fl FACS Screenin g 

Ge „e Hbraries, including those generated as described in Example l.can be screened for 
^tvitiesofinte.stonaPACSmachlneasindicatedherein. 
^stainingofUteceUswithadesirab, substrate according to the followmg example. 

Agene librae is made from the „ype rt he m ophiUc archaeon 

™ Z — g to the manufacturers instructions (Stratagene Comng.Sys^ 
. nc, La .Ha, CA), and excised into the pBLUESCRlPT plasmid — to the 
n^ufacturers instructions (Stratagene, DNA was isolated using *. soO- 
isolationist according*, me manufacturers instructions (Orca, Inc., Bothell, WA). 

To screen for 0-galaetosidase activity, cells are stained as follow, Cells are cultivated 
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rviiQ sre centrifueed to collect about 2xl0 7 
overnight at 37°C in an orbital shaker at 250rpm. Cells are centntuge 

ovemigmai; deionized water, and stained with 

cells (0 1ml of the culture), resuspended in 1ml ot deioniz 

1 , -hp fFDG^ Briefly, 0.5ml of cells are mixed with 

r Fhinroscein-Di- (-D-galactopyranoside (FDO). Bneny, u 

a hyperthermophilic organism). 

F x ample 4 

• u T7 ^ r«=f nnH P^"vr v of Genetic lnformation of 

Sc^mnj^^ ~ 

Snrted Organisms 

Th e excised «AP H *-* * — for 2 - induce, with IPTG. Celine 
Il^ed, washed - with - — — ~ ' ^ 

Z?» — into new host by electroporation ustag TT e 

wledceUs.epUed^se— scenin, THe p r oced ur e is iUu^ed ,„ P.^e 
5. Sorted organisms can be grown and plated for secondary screemng. 



g-rfm p Directl y r- Mi-"Ht«r Plates 

Ceils can be sorted in a FACS ins— directly on microtiter plates in accordance wth 



clones. 
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with Example 3. These cells are then left to sit on ice 



for three minutes. For the cell sorting 

LceUsandispu m pe d o Ut w i U 1 ,,ecens).ResuUsasobse„edo nt he m ,c ro ute r p 1 a t ea re 
shown in Figure 6. 



Table! 





Tnltnred (%} 


Seawater 


0.001-0.1 


Freshwater 


0.25 


Mesotrophic lake 


0.01-1.0 | 


Unpolluted esturine waters 


0.1-3.0 


Activated sludge 


1.0-15.0 


Sediments 


0.25 


Soil 


0.3 



Fxam ple 6 

p_^„A. of single cillr or fronted mycelia 

ln0 cu,ate 25.M MYME medta (see recipe beiow) ut 250 ml ^ed 100 ,1 of 

arepWm ^ 1 07,2s P o re suspe I ,io„a„dincubatedove m i^ @ 30=C250 r p m . Afte 24 

—lo^tr^ 

@ 4 OOOrpm for 10 minutes @ 25°C. Decant supernatant and resuspend pe l et ,n 
(K)5M TES buffer. Sort cells into MYM agar plates (sort 1 cell per drop, 
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10 cells per drop) and incubate plates @ 30°C. 

• i i77niV6111-6in)cont a ins:10.3%sucrose, 

1% maltose, 0.5% peptone, 0.3% yeast extrac , 
glycine 

OtedUteratare 

ZZZZZZZ" 

Peninsula Laboratories, Belmont, CA 94002. 
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En e rg y, Office of—. Te— Biological and Chemical Te«e Rese^ 
Prog l under contract DE-AC06-76KLO ISSOTorvs*. V. Go k soyr, , Daae, F U M 

g, 394-404.Wrot n o W ski, G C « C «c £nge»«rmg News, 1997, Feb. 1 . 

l detoln Lpoundsandp^essesof.h.s— , Thus, U , — tKa t he p r ese 

the appended claims and their equivalents. Accordingly, the invention is limited only by the 
following claims. 
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